Sedimentology of the modern seasonal lower Ganges River with low inter-annual peak discharge variance, Bangladesh
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Introduction

Methods

Results and Discussion

The large Ganges River is a typical albeit large example of a seasonal
river with low inter-annual peak discharge variance. Approximately 80%
of the water discharge and 95% of its sediment load are delivered during
the summer monsoon (Goodbred, 2003). However, the seasonal peak
discharge that remains at the same order of magnitude and is not highly
variable from year to year, making the lower Ganges a river with low
inter-annual peak discharge variance (Fig. 1). This study focuses on the
lower Ganges River in Bangladesh, and presents a comprehensive
description and interpretation of the modern ﬂuvial system. The aims of
the study were to: 1) contrast the sedimentological diﬀerences between
the channel/bar deposits, and those of the channel margin/overbank
environment in the lower Ganges River, and discuss the sedimentary
processes of the seasonal rivers with low inter-annual peak discharge
variance; 2) compare the deposits herein with those of other modern
ﬂuvial systems, and explore the controlling eﬀect of climate on the
ﬂuvial systems. The paper helps in understanding the sedimentary
processes operating in seasonal rivers with low inter-annual peak
discharge variance, especially the surface processes of the channel
margin and overbank environments.

The ﬂuvial discharge variability was calculated by using a monthly
series of observed discharge data from the Farakka, Hardinge Bridge,
and Paksey stations to elucidate the climate context of the lower Ganges
River (Fig. 1). The hydrology data of the three stations were obtained
from the Global Runoﬀ Data Centre, 56068 Koblenz, Germany
(https://www.bafg.de/GRDC/EN/Home/homepage_node.html).
Channel ﬂanks, braid bars, and the channel bed were examined by
trenching from November to December 2017 to study sedimentary
products and reconstruct ﬂuvial processes. The depth of trenches (n=15)
on the braid bar and channel bed was usually 0.5 m to 1 m, except for at
the points G9 (bar-tail), G15 (channel ﬂank), G17 (channel ﬂank) and
G19 (channel ﬂank and overbank) where the trench depth was > 2 m (Fig.
1B). The bed thickness, color, sedimentary texture, and sedimentary
structures of the deposits in trenches were studied. The sedimentary logs
here aim to give a representation of grain-size/texture, presence of
sedimentary structures, erosional surfaces, trace fossils (mostly root
traces) and so on. Ten lithofacies have been identiﬁed within the lower
Ganges River deposits. Bar-scale observations were ascertained from
Google Earth.

The channel and braid bar deposits show a dominance of small-scale to
medium-scale cross-sets, with a variety of accretion processes
constructing braid bars (Fig. 2). The braid bar and channel deposits are
typical of facies models of rivers with low inter-annual peak discharge
variance. In contrast, the channel ﬂank deposits are dominated by planar
lamination, massive sand and mud couplets, and some ripple crosslamination, with very little cross-bedding. Characteristic channel
margin deposits represent sediments that accumulated by high-speed
ﬂows, multiple-surge and rapidly depositing ﬂows, rapid or regular
waning ﬂows and hyperconcentrated ﬂows. The overbank deposits
comprise current ripples with long thin bedforms and soft sediment
deformation structures, which record ﬂow transformation on the muddy
ﬂat topography and the processes of an unstable river bank (Fig. 3).
Our study shows that the channel margin and ﬂoodplain deposits are
entirely diﬀerent from those of the braid bar and channel. The bedform
distribution of the ﬂuvial deposits here (main channel, channel margin
and overbank) may be an important tool in the identiﬁcation of the
similar seasonal rivers with low inter-annual peak discharge variance
and in the interpretation of the ﬂuvial processes (Fig. 4).
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Figure 3 Channel margin and overbank deposits of the lower Ganges River.
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Figure 4 The bedform distribution of the lower Ganges River.

Figure 1 The Ganges River. A) The Ganges River is supplied by the Yamuna, Ghaghara, Kosi, Gandak,
Son and Gomati Rivers. B) Aerial photograph of the lower Ganges River, showing the speciﬁc locations
sampled and logged in this study. Three gauging locations, Farakka, Hardinge Bridge, and Paksey, are
also shown. C) River discharge at the India-Bangladesh border from 1950 to 2008 (after Webster et al.,
2010).

Figure 2 Channel and bar deposits of the lower Ganges River.
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